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It has long been recognized that phenols and anisoles can serve as ambident bases in strong 

acids, protonatlng either on a ring carbon atom or on oxygen. 
2 There has been a great deal of 

interest in these bases quite recently3 and additional mr evidence for the ambident character 

of phenols and their derivatives in strong acids haa appeared. 
4 

We wish to report that the 

ambident behavior of substituted phenols and anisoles is a function of acid strength and temper- 

ature and can be used as a probe of solute-solvent interactions in superacid media. 

The protonation of phloroglucinol and its methyl ethers show different solvent dependencies 

which have been ascribed to differing abilities of the phenols and either6 to derive stabilira- 

tion through hydrogen bonding to the solvent. 5'6 It has been reported that in UF/gP3, anisole 

protonates either on the oxygen atom or the 4-position and that the ratio of ring to oxygen 

protonation is strongly temperature dependent. 7,8 In fluorosulfonic acid only ring protonation 

of anisole is observed,g'lO'll in contrast to the results in UF. In IIy solutions, p-methylanis- 

ole protonates only on the oxygen atom. 
7.12 It Is clear that the ambident behavior of phenols 

and anisoles is quite sensitive to their solvent environment. We have observed that in fluoro- 

sulfonlc acid and mixtures of antiomony pentafluoride with fluorosulfonic acid, p-methylanlsole 

is protonated on either the oxygen atom or on the ring in the 2 position. Furthermore, the ratio 

of ring to oxygen protonation is a function of 1) the concentration of antiomony pentafluoride 

in the fluorosulfonic acid; 2) temperature; 3) the concentration of p-methylanlsole; 4) the con- 

centration of other solutes in the acid (e.g., SO2 or H20). This equilibrium between the two 

different ions serves as a useful probe of the solvating characteristics of strong acid solutions 

for different types of cations. 

Since p-methylanisole is known to sulfonate readily, 13,14 a series of control experiments 

designed to detect sulfonatlon were done. The wr spectra at low temperatures contained no peaks 

attributable to sulfonated paethylanisole. Quenching the solution in water or methanol gave 

back p-methylanisole in ca. 80% yield. Thus sulfonation is not occurring. 

The wr spectrum of oxygen protonated paethylanisole has been reported previously.7 Our 

observations, recorded in Table 1, agree quite well with the published spectra. The assignments 
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for the ring protonated ion are also given in Table 1 and are indicative of protonatlon ortho to 

the methoxy group. The singlet at 4.38 6 due to the methylene group is characteristic of ring 

protonation.4'7'8 Coupling between a methylene and adjacent ring protons has not been observed. 

The other chemical shifts assigned to this ion are similar to those observed by Iiartshorn.4 The 

wr spectrum of p-methylanisole in mixtures of antimony pentafluoride and fluorosulfonic acid 

are shown in Fig. 1. In all cases the concentration is ~a. 300 mg of p-methylanisole in 3 ml of 

acid. Spectrum e shows the compound in neat fluorosulfonic acid at -60'. This spectrum did not 

vary as the temperature was changed from -40 to -8O", indicating that, in this solvent, the 

enthalpies of protonation on carbon and oxygen are the same. Thus the entropy of oxygen proto- 

nation is more favorable since more of the oxygen protonated ion is formed. This entropy differ- 

ence suggests not only that the two cations are solvated differently (the starting material and 

anions formed must be identical), but also that more solvent organization is required to solvate 

the ring protonated species than is required for the oxygen protonated species. 

Table 1. Chemical Shifts for p-Methylanisole and Protonated p-Methylanisole 

Ar-CR3 -O-CB3 Ring Protons 
/ 'n 

o-protonatedb p-methylanisolea 
2.25 3.71 --- _-- 
2.48 4.75 6.69,6.97 7.48 11.9 _-_ 

o-protonatedc 2.51 4.80 7.48 12.58 -__ 
ring protonatedb 2.38 4.50 8.55(mjd --- 4.38 

7.40(m) 

aIn CC14. b In SbF5/FS03H mixtures. 'In HF/BF3 mixtures. see refs. 7 and 8. d(m) Multiplet. 

Spectra b, c, and d in Fig. 1 show the effects of increasing antimony pentafluoride concen- 

tration on the equilibrium between oxygen and ring protonation. The spectra were recorded at -40" 

in fluorosulfonic acid solutions containing 30X, 20X, and 10% antiomony pentafluoride by weight 

respectively. There is a striking increase in the concentration of the ring protonated Ion with 

a corresponding decrease in oxygen protonation as the antimony pentafluoride concentration in- 

creases. It Is obvious from this behavior that different bases will require different acidity 

functions in antimony pentafluoride-fluoroaulfonic acid mixtures, just as they do in sulfuric 

acid-water mixtures. 15,16 Spectra a and b (Pig. 1 obtained at -80' and -40' respectively) show 

the effect of temperature on the ring/oxygen ratio in 30% SbF5/FS03H. At the lower temperature, 

more oxygen protonation is observed, indicating that this is the more exothermic process. The 

same trend is observed in the ring/oxygen ratio of protonated anisole in RFfBF3.7 Since oxygen 
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(d) 

3.2 Me, N+ 

Figure t Nmr Spectra of Protonated p-Methylanisole in Mixtures Of 

Antimony Pentofluorlde and Fluorosulfonlc Acid a) 30 % SbFS /FS03H (W/W) 

at -80° ; b) 30% SbF3./FS03 at-40 *; c) 20% SbF5/FS03H at -40°; 

d) 40% SCFS /FS03H at - 40° ; 01 neat FS03H at -60. 
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protonation is more exothermic than ring protonation, and more ring protonation than oxygen 

protonation is observed in 30% antimony pentafluoride-fluorosulfuric acid at -40°, the entropy 

term must favor ring protonation in this medium at this temperature. This behavior is opposite 

to that observed in neat fluorosulfonic acid. Apparently there are significant differences in 

the solvent characteristics of neat fluorosulfonic acid and its mixtures with antimony penta- 

fluoride. Similar studies have been carried out with a number of other bases and a detailed 

thermodynamic analysis will be reported in a full paper. The equilibria involved are quite 

sensitive to substituent changes on both the ring and the oxygen atom. 
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